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Reasons [0 for [0 sockeye (10 salmond 0 declines [0
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i)
Sarah (10 O’'Nea
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10

Introduction [0

o

Recently, T8 Fraser 0 River T d sockeye [0 populations 08 havhos® beeaf Tdddrigtated 0 Bayo Tod
proponents 8 of 70 mining 0 projects "0in 0 Bristol 0 Bay, 70 who [0 cite 0 Fraser "0 Ri
of Daexiéhce’ 10 between [d mining [0 and 8 fisheries 18 (Joling 08 2011). 08 8 Due dto
and 0 biological 70 nature, Z0as 0 well tU0adevelsvdstdyp{ [0dliffbeerization 0 and 0 industriali
the 0 two 0 systems 0 make C0an [0 unlikely 6 comparison. ©'d [0 However, [d the [0 cu
River [Id system [1d with 0 impaired 0 water 0 quality, 0 human [0 development, T 0 changes
and 0 prey 10 bases, [0 and [0 aimadaesdlohhngd in 0hd the [0 lowest T 0 productivity 70 of ¢
sockeye Jdin @ over [0 fifdy [dyears. 10 0

i)

Fraser [0 River [Jd sockeye [0 salmon 6 populations [0 are 8 suffering ©0 from d myriad —0
with Cdurban C'd and 8 industrial [0 development, 6 leading T8 to T8 drargaticd " d decreases |
multiple [0 fisheries T 0 closures, [0 and 0 federal 0 and 0 international 0 population 9 list
there 0 are "0 stressors 18 from [0 contamination Z0 (from 0 mining, 0 wood & product ¢
facilities), @ introduced [0 predators, /0 and [0 increased “dlriveid thetendpestatamiae 10 ahd —0
marine 0 environment, 0 stressors 0 are Orelated 70 to 0 household Jdand 18 industrial
of [0 habitat, "0 and T0 warmer [0 marine [0 waler 0 temperatures.

7o
While 70 the 0 blame 6 for 6 the [0 declines [Id simply T8 cannot "6 be [0 pointed 0 in [
current "0 state [0 of 8 Fraser U0 River "0 sockeye [dis 10 unfortunately /6 another 9 disast
coexigéhce [0 of [0 human 8 development (18 and 8 salmon.

o
Status 10 of 10 Fraser [0 Riva¥ 10 salmon

o
The 6 Fraser ©d River [Idis Td known [Idas T“0one 0 the [0 greatest "'d salmon drivers ¢
Canada’s 10 largest Z0 salmon [0 producer 10 (Burgner 0 1990hcoriynchtockéyedrkdcsalmon 10
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are thé [0 most [0 commercially 10 valuable 8 species Tdin T0the [1d Fraser, J0and 0 gener
millions 76 of 70 dollars 0 annually 70 untfDF® thé 20d h)id 561690s0 recent 10 decades, [0}
total Z0runs 0 of 0 sockeye, T 0 productivity C0 (recruit 0 per [0 spawner), Z0and [0 comm
wide 0 fluctuations, 0 and [0 ultimately 0 significant C0 declines 8 (Pacific 70 Salmon 8 Co
2011). 08 [0 Productivity 08 is [0 cuing@yd langt [Hindicatimgl [ popudatiyns &dare [db
replacing 76 themselves 8 (Figure ©d 1, 0 Peterman Jdet [dal. ©62010). &0 00 Low Hdret
closures din C0the Tdlast C06 Tdof 0011 Tdyears, 10 including 6 three T 0 consecutive [
when [Jd total 0 runs 0 failed “dto “dexceed DO two [0 million [0 fismmis§iigured "6 1, 0|
data). @
70

30,000,000

25,000,000

20,000,000

15,000,000 -

10,000,000 -

5,000,000 ks AL

0 5 T T i T [ T T H T T T T li T T T
R P A L S S U SR SN g
NN A NN I M S S .
10 - . .
Total Fraser River sockeye productivity
o 81 (Returns/Spawner), 4-yr avg.
s e
o o
o >
& 11
2 g
23
¢ E
1952 1960 1968 1976 1984 1952 2000 2008
Return year 5

Figure [0 1. 110 [0 Total 0 Fraser T]1d River []d sockeye 10 returns 10 (top) mﬂ‘m &+ 0 escapen
average [0 of [0 total [l0 adult JOreturns J0 per 10 spawner [0 across 10 all 10 Fraser 0 River 18 sockeye
minor 0 jacks 8 component) byd divideal [/d spawners 104 [0 years 10 before. 70 [0 The 10 horizontal 1o
indicates [J0 the 10 productivity Jdat T0 which [0 the [0 population Td can 10 replace 0 itself, [di.e.,, [0 re
Salmon [0 Commission [0 data "0in [0 Petermah det CJoal. [102010.
)

During 06 the T0 most T 0 recent @unmmsedvieevoew, d§kthe 0 International T6 Union 6 for £ tl
Conservation 0 of 8 Nature 0 (IUCN) [0 categorized (185 16 of (1011 70 Fraser [0 River ©0
threatened: 0 [J0one "das 0 Critically 6 Endangered, 6 three [0 as 0 Endangered, [0 and
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(Rand 06 2008). ©0 [0 Cultus 16 heke TIdisockéyhe dddbwer [0 Fraser T'd are [0 designated
by 00 the T8 Canadian 0 government 0 Committee "0 on [0 the 0 Status [1d of 70 Endangere
(COSWEIC; 0 DFO o12011).

mri)

Prodigious [0 research 0 into T0 causes [0 of Td the T0 declines Td includes "6 an T8 ongoing
federal 70 jiadic’d inquiry. ©0 [0 To 0 date, Z0results [0 suggest 0 salmon T 0and 0 their ©
from Tda [0 multitude 718 of T8 stressors. (18 (18 The 8 following 8 discussionZ(® summarizes
reviewed ['dand [d gray [0 literature “don 0 the T8 Fraser & River 18 sockeye 8 declines, |
brief 70 comparison 18 of 70 the d Fraser Zd River T'd with [0 the T0 world’s 9 largest 0 so
system, [0 the 0 Bristol 0 Bay 0 watershed Tdin C0 southwest [0 Alaska. 78 [0 This 0 dis
results ' emerge [0 from 10 the 0 Cohen 0 Commission 70 federal 18 inguiry, & currently [

Fraser [0 Riveshwafer (10 environmen®

e

Contaminants 10

7o

MacDonald Tdet Tdal. 10 (2011) 0 systematically T8 evaluated 0 over 10 200 Tdaquatic Zd c
Fraser U0 River [d basin Tdin [0 addition [0 to [0 potential T 0 exposure "dand 6 harm 0 &
study 6 indicates 0 contaminatesl @Mwatér 0 and 0 sediment, Jdas Jowell Tdas 0 accumt
contaminants [0 in @ fish T0 tissue, 710 could [0 pose [0 hazards [Jd to [Jd spawning, [0 rearing
Primary [0 elements 0 of [J0 concern "6 were [0 pH, T0 total T8 suspended 0 solids 6 (TSS),
(nitrate, [0 nitrite, [ dspldorud)ph 0 major “dions 0 (chloride, 10 fluoride, Z0 and [0 sulphate), !
(aluminum, @ arsenic, [0 boron, [0 cadmium, 0 chromium, & cobalt, T8 copper, [0 iron, 0 lec
selenium, "8 and "0 silver), 0 and [0 phenols. 19 T O -Certdhiatiditse Zodo SR, 3,3,8
equivalents 0 occurred J0in T'd salmon [0 eggs [dat [0 concentrations 0 that 0 may "dadv
reproduction. /8 0 Data 0 were 0 insufficient T0dto [0 thoroughly Td examine [0 impacts ¢
disrupting 8 chemicals T8 such 0 as 8 pharmaceuticals, 70 personal & care T8 products, 8 i
pesticides, ndrganic [0 and [0 organometallic CJ0 compounds, 0 and 08 biogenic [0 compounds !
2008), ©0 though T dauthors 0 concluded 0 they [0 undoubtedly 70 were [0 entering 0 the [
likely TJ0 have /0 impacts T'd on 0 sockeye 10 development /0 and 0 reproduction. 6 [0 For
occurrence [0 of [0 femializedd'sdakeye 0 salmon 0 (MacDonald T“det Toal. T62011) TDois ¢
exposure 10 to 10 endocrine 0 disrupters. Cd 19

o

Sources 0 of [0 contamination 0 are 10 numerous. 110 Twenty [deight [d major [0 mines 0
placer 0 mines, 00 10 T pulp C0and 6 paper "o mills, C@af8 0 eawemills) webglywdpdodifcni
facilities, 10 15 70 wood 10 preservation 10 facilities, (16 17 0 cement 'dand [0 concrete 0 fa
processing 0 facilities, 70 37 [d municipal 70 wastewater [0 treatment [0 plants, (18 37 0 salmr
facilities 70 (Appendix 0 1), 00 83 10 municipalndfilbsad 0 ddveladtriad mdntafacturing 0

facilities, “0as “0well C0as Tdthe T0oil “dand Cdgas Tdindustry 0 operate "0 within [dt
2011). ©0 Many [0 of J0 the 0 aforementioned [0 facilities [J0 are T 0 permitted T0 to 0 dische
concern [0 (MacDonald [Jdet "0al. [0 2041)d cdamd 7@ acddwr 0 instance, 11851 0 spills 8
from @ various [0 facilities 18 domitgB O&@perdddur’d in 18 2007 18 (MacDonald “det [dal. [1d
2866 [0sites (10 listed T0in /0 Canada’s 10 Contaminated 0 Sites [0 Registry “d nearly 70 15
were [0 located (18 iner d W RiverFraswatershed [0 (MacDonald Tdet Tdal. 002011). 06 T0Th
contaminated (10 sites ©dis [0 currently (18 estimated (10 to "0 exceed 105,000 0 (MacDonald |
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0

Human (19 activities Cdalso 8 conyipitdifbe’d sonove [0 pollution (8 to 18 the [0 Fraser 18 River.
management 10 activitigsiculduwral 0 operations, "d and 0 stormwater C0 runoff 70 can 0 conta
sediment, 0 fertilizers, (10 insecticides, 710 fire 10 retardants, —0 and [0 other I8 contaminants [
2011, To Nelitz Jdet T6al. 062011). 00 0 MacDonald Tdet T0al. 06 (2011) Tdindicate "0 s
suspended 08 solid$ nutrients, 0 metals, 78 phenols, "0 and [0 total 0 hydrocarbons ~d have T
the 0 Fraser 08 River jphfiB1 dsonoces. ©0 10 Finally [0 atmospheric (8 sources 8 of [d pol
persistent 70 organic T 0 pollutants 6 and T mercury, [0 which “dcan dalso T0 impact [0 ac
et Jdal. £02005), Cdinclude 6 forest (10 fires, 710 volcanoes, (/8 and [0 carbon @8/@missions [
o

Land 10 Used 10 [0

7o

Nelitz Cdet T0al. ©6(2011) T0 additionally 70 examined & impacts [0 of 0 mining, "0 forestr
hydroelectricity, 6 urbanization, J0 and T 0 water [0 use ewWvimoméeheé 0 drebhwatéeir a0
potential 0 impacts Cdon 10 Fraser [0 River Td sockeye [I&salmon & populations. [0 0

7o

Mining 10

Several 0 types 0 of C'd mining [0 take 0 place J0in d the T 0 Fraser 8 Basin [0 (Figure C
mining, 0 industrial ©0 mineral & production, 0 metal 6 minicgpn, d @iland aridcoad gad —d pro
mining. 70 [0 At [dleast "0 one [0 operating 0 mine, "0 Gibraltar, 0 produces Zdacid J0 m
with 0 high 0dlevels [0 of [0 dissolved T0 copper dand 0 other T0 metals, (18 exceeding [t
A AC e, effluent & discharge 0 criteria 0 by 70 several T«
e orders 8 of [0 magnitutgtond(Brand C£0

:mi?:*?‘“f t . Ferguson 70 1987). T8 0 Placer 0 mining Tdis [
. dominant [0 mining @ activity —din [0 the 0 basi
may 0 have T0the T'd most T8 significant 10 impac
salmon Cddue T0to [0 sedimentation 0 effects €
(Nelitz o et 0 al.[T60 2011). T8

8oCe o

Hydroelectric (18

Two [0 large T8 hydroelectric 70 projects [0 within
the 0 hadiid the T8 Bridge/Seton 6 River T8 power
~ project Zdand 8 Alcan’s (8 Kemano [0 Project [0
_ Nechako 0 River [0 that 06 affect 0 water 0

_ temperature 0 and 6 flow, [0 at (18 times 10 inhil
migration [0 ability 0 of Td sockeye 0 salmon 9
(Nelitz “oet T0al. ©62001). ©8 C0 [0 Small Tds
hydropower [0 projects, [0 which t78dan 0 affec
Total ©0 Gas T 0 Pressure [Jd (usually [0 nitrogen ¢
. supersaturation), Z0 gravel C0 supply, Jdand 0 waf
Figure 00 2. [16 [ Distribu ~0of _othe 08 temperature, (10 also [0 exist [10in [0 the 10 baseir
large [0 mines [din [dthe [0 Fraser LdRiver [ though J@in 0 fairly 00 low [0 numbers 0 (about
et Udal. Jaaoil Nelitz 08 et 00 al.Cd8 2011).

)

e %‘mghlm}é Valley
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Urbanization 0

Water "0 demand T was []0 associated 70 with 00 high 79 hudrian "T0dalersitied,pordilamge 0 of
Fraser 00 River [Jd basin. [0 Population 0 growth, [0 associated 8 with [0 urbanization, ~/d wa
Fraser [0 anZ5%@&20 in (18 municipalities (8 upstream 8 of 18 Hope, [0 British 8 Columbia 08
years. [J0 0 Urbanization 8 caused [ alteratioitat[ [0ddrond sabimperdibab 6 surfaces 70
including T0 roads, 0 changes T'din 0 hydrology, 70 stream 8 crossingd "0 and [0 channelizat
i)

0

Forestry 10

While 70 forest [0 harvest 10 has [0 decreased [0 significantly J0in Td recent "0 decades, [0t
stream 0 crossing [0 perkil@hfapearé d in [ Ppawming 8§ areas [0 and 10 migration 9 corridors |
(MOE ™6 2008). ©0 10 Road [0 crossings "0 often [0 serve [Jdas [0barriers Z0to 0 fish Cd1
1998), 0 an " 0integral "0 aspect [d of 10 the T8 life 0 history ©d of 0 anadromous 18 salm
Further, T0up T“dto 0090% [0 of wakehshédSaredwasd ind distombeed 0 by T Mountain /0 Pine
infestation, /8 potentially [0 increasing 0 fire Cdrisk /0 and 0 sedimentation “das 0 well T
hydrology 06 (Nelitz J0et Tdad 6 2011). ©0 [0

i)

Agriculture 78

The Cdland Tdarea [0 occupied 0 by "0 agriculture 6 hasnty indreesesd 710 in!d Agtieultdrpast
can [Jd cause 0 physical T 0 alteration 70 to 10 streams, "0 riparian [Jd zones, ['d and [0 floodpl
sedimentation 'dand 0 destabilize & stream 0 banks 0 causing [0 widening Td of 10 stream
vegetation Jd which T/ can [dincrease [0 stream 0 tempHsatudes)bsedjoemyppct didispeasing 0
runoff; ['d dewater 10 groundwater [0 sources [0 important [1d to [0 maintenance [0 of [0 strec
temperature 70 regimes; [0 increase 10 biochemical 6 oxygen 0 demand; 0 introduce 0 pathe
increase 10 sedimentation, [0 nutrients —d and & contaminanggions thidogh 0 dnapplie, [0
fertilizers, /0 and 10 pestidides.

o

Predation 10

i)

Predation /0 of T8 sockeye d salmon [Id occurs 0 in /0 both [0 freshwater 6 and [0 marine
Christensen Jd and [0 Trites [0 (2011) Tdreviewed [0 available [0 literature 6 on [0 predatio
largemouth [0 bass [0 ayeéellowelld péech 760 are [0 introduced T8 species [0 in [0 the T'd water:
known C0to T0feed Tdon 10 salmon 0 species, 0 but 0 little ~d data [0 exists 0 regarding
(Christensen Ddand [0 Trites [0 2011). 6 0 Hatchery C"dand 6 wild Td salmon 70 both 9
prey [0 upon [ésock@dppendix 0 1, 0 Kostow 70 2009, C0 Tatara 6 and [0 Berejikian Cd 20
2011), ©0 although ©0 impacts /0 are "0 not Zdwell ©0 documented 0 in T8 the [0 Fraser ©0
enhancement [0 facilities J0in T0the [J0 Fraser T0 River [0 Basin “dare [0 listed T8 below ¢
to [JO predaffiafin [0 hatchery 0 fish, 70 hatcheries Td are "da [d source 8 of 70 potential —0
have 8 additional 0 negative 10 ecological T8 effects Zd on [0 wild ©0 salmon 10 populations |
al. 70 2009%

i)

Climate 0 Change

0

In British Columbia, minimum temperatures have increased 0.17°C per decade and precipitation

has increased by 22% per century (Hinch and Martins 2011). Climate change has already caused
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earlier snowmelt in British Columbia rivers (Stewart et al. 2005), and water temperatures in the
Fraser River have increased at a rate of 0.33°C per decade, increasing overall water temperature
by about 2°C in the past 60 years (Chittendon et al. 2009). Lakes in the region are also warming,
altering timing of spring ice break-up and lake turnover (Schindler et al. 2005).

Temperature related factors have also received a great deal of attention with respect to a marked
increase in mortality during river migration and on spawning grounds (Hinch and Martins 2011).
Eggs. Although sufficient data is lacking to thoroughly examine potential impacts of
increased rainfall resulting from climate change, it is possible that increased rainfall is
causing increased scour of redds, thereby decreasing overall egg survival (Hinch and
Martins 2011).
Fry. Temperature increases may be facilitating increased predation on lake-rearing
sockeye fry (Hinch and Martins 2011).
Adult migrants. Warmer river temperatures appear to decrease survival of adult
migrants, particularly in early-run stocks, likely from a combination of exposure to
temperatures above the 18 C thermal tolerance, increased energy required for migration
at higher flows, and combined higher metabolism in elevated temperatures (Eliason et al.
2011, Hinch and Martins 2011). Pathogens including Parvicapsula minibicornis also
develop more quickly in warmer temperatures (Cooke et al. 2004, Crossin et al. 2009),
increasing physiological stress and decreasing swimming performance of adult migrants
(Bradford et al. 2010, Wagner et al. 2005). Earlier migration timing, likely related to
elevated temperatures, has coincided with en route and pre-spawning mortality exceeding
90% in some years, impacting larger stocks and pushing already threatened stocks such
as Cultus Lake to near extinction (Cooke et al. 2004). These trends are expected to
increase as climate change progresses (Hague et al. 2011, Rand et al. 2006).
i)
Marine [0 environmesétr (10 the (10 Fraser'd /0 River
i)
Contaminants 110
o
The [0 Strait 0 of 10 Georgia [dis 0 bordered "6 by 70 British 6 Columbia’s Td main 0 po;
Vancouver Jdand 0 Victoria. [0 [0 Abomt” 0 p8N&siond ob isdmdeeshimated 0 to 0 result “"dth
disposal 08 of 08 liquid Zdand [8 solid\iadddaste activides 10 [@MAE [0 2006). 08 0 Household
generate (10 aboutithiBi@ed of 18 that [0 wastdhitdE8vhdlés T@tivom [0 industrial [0 sources [8 (M
2006). 0 0 Despite N8 vast 0 inprdasisns 0 ihol d'thehosé p 6 areas 0 (Johannes Tdet Toal. |
contaminants 0 in [0 the T0 Strait 0 of 0 Georgia —0 show [da "0 general 70 improvement
management [J0 practices T8 including 70 recycling 70 programs /0 and [0 secondary Cdor Cdb
treatment 10 have 0 improved [0 irs @ ¢chahned yedet "dal. ©02011). 70 C0In Td6the oy
polychlorinated 18 biphenyls 18 (PCBs), (8 mercury, _d dioxinisu@#ndltin o fdrares,e T10tri
documented Tdat 0 much 06 higher 0 concentrations ©0in [0 waters, [0 sediment, dand
other [J0 biota [Idin [0 the T8 Sté{johdmfes d Gexirgid al. 710 2011). 00 T 06 Pulp “0and 0 pape
shores 0 of (10 the 0 Strait 0 were da [0 major 10 contributor [0 of T contaminants 0 a!
effluent 0 treatment Z0 improved. /0 0 In 0 recent T8 decades, [0 polybrominated & dipher
care [0 productd [10 pharmaceuticals 0 have [0 increased "6 in [0 the 7@ Strait 10 of 8 Georg
2011). Co
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o

Land/Marine 10 Waters [10 Use

)

Shipping “dand 0 marine [0 vessels 8 transport [0 most (10 goods “dand [0 services [d acre
be 8a I8 source 0 of 0 noise, ('8 contaminants,  haBtad Spespad s, 0 haneducbions 0
through 06 ballast (70 water /6 exchange, '8 though [0 Johannes Cdet Cdal. =6 (2011) T~ concl
traffic 0 has T'd only "0 limited 06 direct [0 interaction 18 with [0 sockeye 8 habitat. ©d [0
main [J0 navigation [0 channel J0at T8 the [® moRiver d af bydtldethréeFradeaneters [0 over 0 tl
years, [0 though 0 dredging 8 activities Tdare 8 limited T8 to 08 periods [0 when [d sockey
estuary 0 (FREMP 70 2006). ©0 [0 8 Dikes Tdare [J0 extensive [1d throughout Td the [0 low
causing [J0an 10 estimated T8 40% [dihabitathElfidasares Ta}l.0&RRAO6dgh 06 their 70
construction [0 has 0 slowed T0in J0recent 0 decades [0 and 0 some [0 have O been [0
habitat 0 (Johannes Td et Tidal. [0 2011).

o

Predation 10

)

Significant 0 marine "0 predators T8 of [0 Fraser T 0 River 10 sockeyay 0&aogbish [ddnay 0 in
(Squalus 0 acanthidso salmon CO0kbarks [Tddiprpsisd and 0 daggethaocdpterasy 0

nikparini, Christensen T0and [0 TritesHath2@®11)0 se&¥socad [ vituhiivhardsi) — 6 and 0 Steller 9
sea [0 lidtismeétopias 0 jubytare alsd 10 common [0 predators  &peabedd havhrantfically 0
since @ their U0 protection Tdin 16 1970 TJ0 under —0d the [0 Fisheries 710 Act 0 (Forrest [0 e
Trites 06 2011). &0 00 While " 0@apHic [[DHwerggs o) padlasid Gédesd (190 (
macrocephalus) aré [0 unlikely T0to 710 prey 10 upon [0 soditegpe [daadmohal [0 tidty, [T
competitor Z0 for 00 food Tdin T0the [0 Strait 00 of 0 Georgia "dand "0 have "d been 0 ir
decades 9 (Christensen "dand 10 Trites 8 2011).

7o

Many Cdm@e [0 introduced 18 species [din Cdthe [ Strait 18 of 18 Georgia [dalso 8 pre
with [0 Fraser ‘sa@ldege [0 salmon. /8 0 The [0 Strait 0 hosts [ldan [0 estimated T 117 [
more [0 than [0 twice [0 the Td number 70 found 0 throughout T0 the [d remainder [0 of ¢
result 0 of (/6 human [0 population T0 growth, 10 aquaculture, /6 and [0 shipping [0 activities
2011). Dailed Wavailable 6 data Tdis T 0 inconclusive, 70 the 0 recently ©d documented 8 Hu
(Dosidicus 3 gi§a®grove 0 2P05% may (10 prove dto [0 be 10 significant (10 predators 18 of [
(Christensen 0 and [0 Trites1do 2011).

o

Christensen U6 and [0 Trites [0 (2011) T0 indicate @ thai eXidtinisufiicientd adedpuately 0 identify
key [0 predators [0 of [0 sockeye [0 salmon 0 and [0 their [0 overall Cd impact, J0as 8 we
critical 710 cumulative 0 impact Td of 0 predation "0 overall Zd on [0 sockeye Tdin 0 both T
freshwater [J0 environmentsd &

i)

Climate 0 Change

7o

Major 0 cycled associated 10 with [0 climate 0 and [0 sea [0 surface 10 temperature din [0
Ocean, [0 the A® El6 S6u¥hern 10 Oscillation 710 (ENSO) 'dand [0 the T8 Pacific (10 Decadal 10 (
have [Jd exhibited & pattern [0 changes 0 in Be@mésient d 1H@8cadésMadtua P eto_daa. 10 1997
Marine habitat —0 for [0 Fraser T 0 River 0 sockeye 0 salmon, 0 the [0 Strait 0 of [0 Georgi:
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a aa a g a Chittenden 0 et (@Rl GARZA090 pth [d armd 0 salin
have [Jd decreased din 0 the [18COED7)0 Parfte T8 period 0 fr&80’'s dtheo 10 dailee 1
present [0 experienced [0 warmer 8 conditions —0than 0 those [0 during 0 the [0 previous
1940 0 (Figure 03, "0 Johannes [Idet TJdal. 00 2011). 0 18 Sea [0 surface 0 temperature
1.5°Can a0 the 10 past [Ghii@endepears et d (0 alWadZ@09).0 tenapares [0 are [10 coincident 18
with T0 blooms 0 of [0 the Hehammigia. de sigima bldbms 0 can [1d cause 0 salmon 8
mortality (00 through T0 diminished [0 respiratory 0 function [Jdand [0 ability ©0to T 0 uptake
al. ©02010§

-

s

b
Py
tn

s
=
N

Temperature [

Ertrance ls. miean lemperature = 11.447C

i iy . § |
1940 1950 1460 1870 1680 1490 2000 2010

Figure L0 3D itéﬂﬁga time (10 series (10 of Sibfmomthly teiipenature 0 anomalies 710 frﬂﬁmﬂ@ﬁﬁe o long
mean [0 from 2009860 from [0 Entrance [0 Island, [0 central [0 Strait [0 of 13 Georgia, [0 BG3_d (From [
do

Temperature [0 changes [0 may 16 also 10 be 0 causing [Jda "ddecline ©0in 0 zooplankton,
for 00 rearingkeyé so® salmon [0 (Figure T84, 0 Johannes Tdet Tdal. 082011). 06 0 Decline
taxa 0 coincide T8 with [0 increases [0 of [Jd other 10 species 0 which [0 sockeye 0 may [i¢
food Cd quality [dis 0 considerably 18 lower (18 withal¥3ess @& fat 8@l condai09) (Ed 6 Ove
Johannes Tdet Tdal. [0 (2011) A ~rmeledn TR

that "/0 warming /0 temperatures ]
coincide 8 with 9 declining 08 ¢ 8000
availability Tdand 0 quality, /8 5 ]
may 10 limit JJd sockeye 10 grow £ 6000
decrease [0 conditiom >

Bh) @B

- 5

jé = 4000 -

0o 5

Bh) o

- & 2000-
Figure [0 4. 110 [0 Declining [0 zoop 3
{Neoclanus spg 0 abundance [1din [ (3
Strait [i0 ofrgidaGedd 10 From [0 Joha O-'

MacDonald 6 200%
o
i)
Fisheries [0 Managemeni
0
Fraser 10 River 10 Manageéent
7o
Management [0 of (10 Fraser (/0 River "0 sockeye ['0and "0 other [0 salmon (13 falls [J0 under
Due ['0to [10the 18 international [ &reaiiés 0d8ocRayerind the 10 fishery dto is d theubje

2000 2001 2002 2003 2004 2005 2006 2007
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international 0 Pacific —06 Salmon 0 Treaty —0 between “0the T U.S. C0and "6 Canada "0 an
six [0 agencies 0 (English C"détd - dal. [0 2011).

o

Canada’s Z0 main [0 legal [0 tool 10 for ©0 sockeye [0 salmon 0 habitat 70 conservation [0 is
place T0since 0 1976. 0 owlddges dAche 0 ackeed 0 to 10 protect 10 physical T 6 habitat T ¢
stages 0 of [0 sockeye, T 0 including 6 their 70 food T 0 sources J0and [0 the Zd quality Zdo
live [0 (Johannes Tdet Tdal. 06 2011). 00 TO0A [0 “net C0gain” Tdin 0 overall [d acreage !
through mditation 0 of [0 development, 0 restoration 0 of [0 lost 0 or 0 damaged 0 habit
‘enhancement’ T'din [0 the Td form [0 of T8 hatcheries T8 and & spawning [0 channels. 78
and [0 compensation [0 projects 0 have [0 been [0 (Wéilemtived ZPlideaver [ddatcheries ©0
have [Jd unintended, 10 negative 10 ecological T0 impacts 10 on 0 sockeye [0 salmon 0 (see [
2009). o

0

Escapement 0 targets, Cd set [J0annually T'd under [0 the 9 Pacific 0 Salmon 0 Treaty 8 by
are 18 complicated 18 by [1d the 18 cyclic (10 nature [1d of (18 masiyiting Frasepma@ived 10 stock
variability C0in Cdreturns [0 (English T0et Tdal. 00 2011). 00 [0 Further, (/6 measurement [
complicated [10by [0 en "droute "0loss 10 of T dsockeye 0 (Figure [/05). 00 [10 Escapement
the 78 Early T8 Stuart 08 sockey@0@8Gom 10 Dafite o taxgdts (10 were 18 met, [0 English (19 et
(2011) 8 conclude 18 that 8 overharvest 9 likely [0 occurred ©din (10 Eai2P@)@3 Stdart 0 soc
and 0 for 00 Early 0 Summer [ 310 {kigure 60,

7o

BCmeh Bank
Early Sraart B Euue Loss Eavly Summer B Eie Loss
ElEscapenent ‘ B Bspapermen

[ —

B Exonre Loss
4 Escaprment

Adult Shundance

%
g
e

Figure /0 5. 110 [0 Estimates "10 of 13 total [0 capthit&d ésbagse mitbr dahdkeyeen atingid rith
group. Oroden 0 losses (10 were [0 not (10 estimated [Jd prior [10to 14 1992810 0 From [0 English "det

o
Bristol (10 Bay 10 Manageéent

i)
English Tdet Tdal. 06 (2011) Tdreviewed [0 differences [0 in [0 management 0 structure 8
and 0 the 70 Fraser [/ Rivehe dafiollovdingded cériclusions. 8 0 While [0 the 6 Fraser Td|
to Jd0a 0 complex, [0 international 70 management [0 structure, [J0 management "0 of 0 Brist
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entirely [0 within 06 the 70 Alaska 0 Department "6 of ©0 Fish Jdand [0 Game [0 and 18 fot
Biologists. /0 10 The str@istinmplérd’od 0 Bristol 70 Bay /0 management 0 allows 08 for T8 chan
regulations 78 on qidaagd@aypasis [0 during [0 the [0 fishing 18 season, [d while 18 managemse
require “'da 0 much [0 lengthier T0 process 70 for T 0 Fraser T8 River T d sockeye. 18 0 Mixe
also D0 reklyi 0 minor Cdin C0 Bristol T6 Bay "6 due dto 3_6 the 110 terminal /0 nature 0 of
districts C0 for C0 nine 0 stocks, [J0 compared [0 to "0 the Siinkedger
consist T/ of /@ more "0than 025 10 stocks. /0 0 Gear 10 types a arFﬁs&hrmﬁed 61n 0
River. 8 [0 Further, J0 due C0to C0relatively 70 high 6 escapement "dand 0 low 6 hume
Bay “dregion, 10 recreational 0 and 0 subsistence 0 fisheries ©0in 8 Bristol 70 Bay 70 amc
total T 0 harvest, [Jd while T0 First 70 Nations 0 and [drecréedomcth [0 liglvationsd in'd 6 the [0
densely 0 populated 6 Fraser Td River. /0 0 Bristol 70 Bay's 14 sockeye "'druns “dare [1d:
with [Uda T8 typical [0 season @ lasting 70 six 0 weeks T/ compared Tdto 0 more [0 than

River. 110 [0 Overall, /0 Bristol 70 Bay [0 Iséfiedits’d ddirdnlic” 0 & ofo ‘ddvaany 0 stocks (10 and

history [0 types 10 exploiting T 0 multiple [0 large, 0 productive 0 rivers, [ld resulting [0 in [
fisheries 70 closures [0 (Schindler Cdet T"dal. ©02010). 0 [0 In [0 contrast, [1d Fraser & Riv
limited 0 or [0 closed th® ind Tadsix d 200610 years.

i)

Wide [0 fluctuations J0in T8 sockeye O returns "dto 0 the [0 Fraser 0 River T0 (Figure [0
adjust Td goals [devery [1dyear, (8 resulting [din 18 overharvest jabd#ial @ $bme 8 stocks. (8
variability C0in 0 returns [0 allows 0 Bristol [0 Bay edonthesggrsmeato 0 gamske 1 sed fix0 o
maximum [0 sustained 00 yield T8 principles. 8 [0 Finally, 70 escapement 0 estimates 0 in !
significantly 70 more T'd accurate 10 than T 0those Tdin 0 the 0 Fraser Zd River T8 owing ¢
counts dand 0 sonar [0 upstream [0 of [J0 eaclsheried (10 the 0 Brintuherdiday 0 0 vs. 0 esse
one 0 hydroacoustic [0 site [din [0 the 70 Fraser 110 River) J0and 0 the 6 fact T8 that Z9d
o 0 the Tdvery Z0high Jden Tdroute 110 mortality, [0 to 0 which 0 some 6 (up Cdto [
subject 0 to T 0 between T8 enunsp@minimg ddrgtounds

)

Influences [ /dBoistob (10 Bay (/0 and (/0 Fraser [/d Biver [0 sockeye

Due [0 to [0 their [0 economic 0 importance 0 and 0 historically 6 high 70 returns, 0 Bris
River ['d sockeye "0 salmon 6 have ['d been [0 compared “0in 0 recent [0 months. J0 [0 P
in T8 Brisw} (10 Bse Tdthe [dFraser [1d River [das [1dan 8 exampbxi&igf [1d mining "8 and
(Joling ©02011). ©0 =alHepieverd watershed Id area 0 of [0 the 70 Fraser 10 Basin 'd more
Bristol 0 Baylraser 0 River /0 sockeye 0 abundance T8 pales 0 in T0 comparison 9 (Figure
though thé 8 Kvichak @ River [1dlisting Cdas "da [0stock Cdof 6 concern [J0 (Morstad C0
sockeye [0 are O not 10 currently 8 experiencing 0 the 6 types [0 of T0 declines T8 exhibite
Possible 0 reasons 10 for 10 these [0 differences T 0 abound, J0and Jda 10 few [0 are 0 dis
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Bristol Bay and Fraser River Total Sockeye Runs

| Bristol Bay sockeye
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50,000,000
Fraser River sockeye
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10,000,000

1956 1959 1862 1965 1968 1971 1874 1977 1980 1983 1986 1985 1992 1985 1898 2001 2004 ROO7 2010

Figure 6.010 [0 Bristol Jd Bay /0 (blue) "0 and 0 Fraser [0 River [0 (red) 10 total 1o ;u(?ls 00 (catch Jo+
Averages 710 for (10 each o river ]d are [0 indiahded o fodhm 10 SNAIng.0 201000 '0 and 10 PSC

Lo

Habitat 110

-

Bristol T0 Bay 0 encompasses [0 nine hédmajgrand wathes ~da [0 drainage darea 10 of [dc
km2 (FBBS 70 2011), 6 while [0 the T8 Fraser [Id River [ d watef{Regnobldoairisded 2384100610
2006). ©0 [0 Further, "0 the T0two 0 basins 0 are [0 subject (/0 to T 0 opposite 10 trends [
Bristol 0 Bay Cdis [0 experenciagroduughity, 0 the [0 Fraser T0 River T8 and 0 other Cd U
rivers (18 experience [0 lower 8 productiwgddiVeitua d vacet 0 dMan@ia99d,and 6 Hare 70
2002). ©0 0 The T8 Bristol 0 Bay Td basin "0 was [0 recently [0 ranked C0as 0 containing
complex 0 habitabughdht 76 the T0range T 0 of [0 Pacific [0 salmon, T'd making [0 it C0 more
impacts T'd of T0 climate T 0 change 10 (Mantua "d and 70 Francis 70 2004, 0 FLBS ©0 2011) C
watersheds 70 supporting 0 salmon, T8 including [0 the 6 Fraser” @0 River 6 (FLBS [0 2011).
Bl
Aquaculture 0

mle

In T/ addition 8 énanagement 0 practices [0 (reviewed Td by 18 English Tdet Toal. 00 2011),
note 18 that T0 major [0 aquaculture 0 activities [0 in 6 the T0 Fraser J0 River /0 basin 9
those T'0in [0 Bristol 110 Bay, [0 where 0 aquaculture 0 is [0 prohibited. “@®nIddAbout 70 70
the T'0 migration O route Z0 of 70 Fraser T8 River [0 sockeye T8 salmon & (Price C0et [Jdal
research T0is [0 controversial, 70 farms 0 have 70 been [0 associated 110 with [0 increased |
lice Cdand Co(@siEase d/ét To,allaMiZlet1d et Jo0al. £02011). CavivalGlobely, 60 marine [0 st
abundance T0is T0reduced [din T 0areas 0 supporting " daquaculture [0 (Ford 0 and C0 My
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potential ~0impacts Cdto I8 Fraser 0 River Td sockeye 10 from 10 aquaculture T8 activities [
(www.cohencommission.com). a

)

Further, 0 in T 0response 10 to 10 population [0 declines T'd of 70 Fraser T0 River 10 sockeye,
government 0 operates "0 nearly 00 30 0 hatcheries [0 in 0 the d basin [0 (MacDonald d
1). 00 0 Unintended (18 effects 0 of T0 hatcheries T8 include 7@ increassd @ eccutrehced 0 o
2007), Td direct [0 predation 6 of 0 wild J0 fish T8 by T8 hatchery 6 fish 00 (Naman [ anc
competition 0 for 06 food [0 resources 0 (Dittman Tdet Jdal. ©02011 Tdin [0 press) “dan
environment 0 (Tatara “det Jo0al. 00 2008), Cdin 0 estuaries T@® (Da[Ruggetoned alo €t02011),
al. 70 2011). 00 T“0The "dend "dresult 0 of [0 competition 0 is 0 decreased [J0 productivi
2009). 70 0 Bristol [0 Bay [0 does 10 not 10 support [0 any [d salmon T8 hatcheries, 9 and
prohibited Tdin TJ0the o Bay "dand 0 throughout”d0 the d State 70 of [0 Alaska.

0

Human “Jodlepment 10

7o

More 10 than [ 8{tkird&0t@of 0 British [0 Columbians [0 live [1din [1dthe 8 Fraser [0 River
overall [0 population [0 of 70 2.73 0 million "BRE€sidé@B10d in & K06 TH|f 6 human T0ac
including T 6 urbanization, 0 forestry, ©d mining, 8 agriculturéﬁ&ﬁtxnﬁanﬁinaﬂt&é@f’é non
native 0 species, 0 and 0 other [0 factors 0 are 10 widely 0 considered J0to CJJObe "da |
declines 0 of d salmon 0 worldwide 6 (Nellsetman éfd ed d1.0 BH 188 Z@Mdistol —6 Bay 8
currently 70 supports [0 only 10 about 0 seventeeties,d sald 0 @éamniupdpulation T0 of [0 less
5000 DERA T02D100 [0 At " 0present, J0the [0region T0does [J0not (10 support [0 major |
human [0 activity. 0 [0 In C0 contrast 0 to —0the [0 water Td quality 0 problems [0 in [«
above, 10 available 18 data 08 for 8 walers Bayin 0 degieon d Bitsticavxyy&iate] Tdwell
conditions 10 with 00 low [0 concentrations 0 of 70 dissolved 10 mlamlzow d and)T@dther [0 sc
0

Cumulative 10 impdcis

7o

The [0 analysis 0 conducted 0 for [0 the 0 Cohen T0 Commission Tdis 0 limited Jdto C0]
River 8 sockdgelings [0 within 0 the [0 past 8 twenty [0 years, — 0 during —d which 8 declir
noticeable T/d and T8 commercially T8 problematic T8 (Pacific 0 Salmon 0 Commission T8 data)
of Tdthe "dreports [dreleased [1dto 18 date 18 conclude @xiEifag dBadaline d/fsand [0 other
insufficient 0/dtd thoroughly T d examine 0 the [0 factors Tdin T 0 question [0 (Cooke "det 8
and 0 Trites 0 2011, 6 Hinch T8 and Td Martin 702011, 0 and [0 others). 78 0 The To1i
individual 0 potential [0 factors Zdin 0 declines, T8 failing 0 to T 0 consider T8 the [0 syners
factors /0 combined. 'd [0 Christensen 'dand 0 Trites 18 (2011) 6 conclude ¢ after 10 the
of 10 sockeye T8 salmGnniddtiae @ threats J0are —0far 7d more 0 difficult 0 to [0 evaluate
factor. /0 6 In Tdthe "0 case [0 of T'd Fraser [0 River 70 sockdype [10 sainpematidesiresd [0 fr
more [Cing Gd competition 8 due [Jdto C[dincreased 18 escapement [1d with 8 resulting £d lo
running 0 the T8 gauntlet 10 through 6 predators 70 whose 10 alternative /0 prey [0 may 0
all "0 have 0 had 0 cumulative 8 effects. 00 [0 Assessingdod thé théseumadlahide [ddefitac 6
stresses [0 will [Jd require 0 integrated 710 evalPsierman det "dal. 06 (2011) C0d indicate 10
“should 0 not & necessarily 0 expect "dto “dfind Tda T0single [/ dominant 0 cause [Ido
sockeye.” 710 [ OHfénkd}y(injgress), in C0a 0 papeting d fir&daser [0 sockeye [0 response [Jdto [0
climate 00 change, [0 indicates [0 that 0 the T0 cumulative T 0 impacts 70 of [0 climate "0 cha
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will Cdbéch 0 greater C“dthan "0 the 0 impacts 70 on [0 individual T8 simgescts'dde 0 concl
will D0 also Td carry 0 forward [oration) thé podemékilly d geleading Tdto Tda 06 downward ¢
productive 0 capatiiyédicting "'da [0 future 0 for —0 Fraser 10 River [0 sockeye 10 salmon [
major "'d salmon (@ rivers 0 south T0of Tébitstwhatonglmanthe ex@pacttidrom 40%

of their former range (NRC 1996).

Conclusions [0

i)

Fraser 00 River [Jd sockeye [0 salmon 0 populations d are "0 suffering 0 from “da [0 myria
associated [0 with Cd urban Tdand T dindustrial 0 development, T8 leading Td to 1 dramatic
productivity, C0 multiple 6 fisheries T 0 closures, '8 abelnatidadérald pommldtion in'd listings. =8
In 76 freshwater, (18 contamination [0 from [0 mining, [0 wood 10 product [J0 and [0 other 0
wastewater [0 treatment [0 plants, (76 landfills, [0 and 8 salmon "0 enhancement [0 facilities
and [0 spawning 10 channels) 0 has [dlédh (Tootof (TdOcoveamin 5000 0 sites, (10 causing 8 pro
with 0 pH, T0 TSS, [0 turbidity, T 0 nutrients, "0 metals, 70 phenols, [7d personal d care [0 prc
pharmaceuticals. ©0 [0 Introduced d predators 0 such TJdas [1d yellow [0 perch Tdand 10 sn
as 0 hatchery Cdfish J0may [d also o infpsotkey®Frasén 10 Rie [0 freshwater 0 environmen
finally, J0 increased driver [0 temperatures 8 resulting ©0 from 08 climate Td change 8 are

higher ©0 mortality Td of 0 sockeye "0 en [0 route 0 to 0 spawning 6 grounds, "0 likely [«
physiological d stress 0 at 8 highmes, d Gogmreased [0 swimming [0 efficiency, 70 and [0 fast
development 0 of 10 pathogens.

)

In T/6 the 0 marine Td environment, [0 industrialization “0and [0 urban 0 growth Td has 00
the 70 Strait 0 of 0 Georgia 6 by [0 polybrominated T8 diphenylethers, T0 personal ~0 care !
pharmaceuticals. 8 [0 Dredging 0 and [0 diking [0 has 0 reduced J0 marine "0 and 0 estu
Increased 16 ship 10 traffic (10 is 10 associated [0 with [0 accidental [0 spills, 10 ®Be, 18 and
native 0 species. ©0 [0 Warmer 0 marine [0 temperatures d resulting T ddiatied T&climate T«
with 0 more [0 frequent 6 harmful T0d algal 6 blooms, [0 resulting Jdin 6 lower T 0 oxygen
environment, [J0as o well T0as T'd decreased "0 zooplankton 0 levels 0 which Td are Id an
salmon 0 food & 5arce.

)

Current 0 efforts 0 to [0 understand 0 Fraser Cdabtrkevpepotdntealines caudsiss, [0 failing [0 to

consider [0 the 0 synergistic T 0 effects 0 of Td combined 0 stressors d such [0 as [0 contal
introduced @ predators, T 0 climate T8 change, "6 and "0 others. ©d [0 Further, [0 current C0:
rely [0 upon [1dinadequate 0 historicahichd datésidts, d 10 w 0 satisfactorily 0 define T8 baseline
conditions. 70

)

Given 10 their [0 distinct T0 physical Td and 0 biological T 0 nature, J0as 0 well J0as [Id vas
urbanization Tdand [J0 industrialization T0in /0 the [0 Fraser 10 River 10 basin 0 relative [0
basin, 0 recent 0 consparisbetween [0 the [0 two [0 watersheds Td are [0 suspect. 10 0 Ho
comparing [0 sockeye [0 salmon 0 populations [0 alettee 0 Brostidls “0Baygest 0 sockeye 10

salmon [0 producing " &-spstemmbers [0 the 70 Fraser 00 River 0 by 6 four [0 times Tdin O
than 0 half J0its C0 sizé thé Toochndpadison T between 70 the [Tdtwo [0 systems T"dmay 0
the @ inability 08 of 08 human 0 deesl@hémyithd tod Safinon.
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Appendix [ @imon (18 enhancement |  facilities (1din | 3 the 8 Fraser | d River /3 Basin. (/0 | dN/A | 8= 1/d nét |3 avail:

Area of Interest/Facility Name Facility Type Species Targeted Organization
Cultus Lake
Chilliwack River Hatchery Hatchery Chinook, Coho, Chum, and Steelhead DFO Operations
Native and Domestic Rainbow Trout, Anadromous
Fraser Valley Trout Hatchery Hatchery and Coastal Cutthroat Trout, and Steelhead Trout Freshwater Fisheries Society of BC
Centre Creek Streamkeeper Program Hatchery N/A Public Involvement Programs (Volunteer)
Harrison River
Coho, Chinook, Chum, Steeihead and Cutthroat
Chehalis River Hatchery Hatchery Trout DFO Operations
Weaver Creek Spawning Channel Spawning Channel Sockeye, Chum, Pink DFO Operations
Fee Creek Spawning and Rearing Channel Hatchery Coho Public Involvement Programs (Volunteer)
Lower Fraser River
Inch Creek Hatchery Hatchery Coho, Chinook, Chum, and Steethead Trout DFQ Operations
Bell-Irving Kanaka Creek Hatchery Hatchery Chum, Coho, Pink, Steelhead, and Cutthroat Trout  Public Involvement Programs (Volunteer)
Beecher Creek Streamkeepers Hatchery Coho, Cutthroat, and Rainbow Trout Public Involvement Programs (Volunteer)
Al Grist Memorial Hatchery Hatchery Coho, Chinook, and Pink Public Involvement Programs (Volunteer)
Chilliwack River Action Committee (Trap
Site) Hatchery Steelhead Trout, Coho, Chinook, Chum, and Pink Public Involvement Programs (Volunteer)
Stave Valley Salmonid Enhancement
Society Hatchery Coho and Chum Public Involvement Programs (Volunteer)
Nicomen Slough Spawning Channel Hatchery Coho and Chum Public Involvement Programs (Volunteer)
Musqueam Creek Project Hatchery Coho, Chum, and Cutthroat Trout Public Involvement Programs (Volunteer)
Steveston High School Hatchery (on-site) Hatchery Coho and Chinook Public Involvement Programs (Volunteer)
Cougar Creek Salmonid Enhancement
Group Hatchery Coho Public Involvement Programs (Volunteer)
Hoy Creek Hatchery Hatchery Coho Public Involvement Programs (Volunteer)
River Springs Salmon Enhancement and
Stream keepers Hatchery Coho, Chum, and Chinook Public Involvement Programs (Volunteer)
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-0
0

Area of Interest/Facility Name Facility Type Species Targeted Organization
Lower Thompson River
Spius Creek Hatchery Hatchery Chinook, Coho, and Steelhead Trout DFO Operations
Community Development Program
Loon Creek Hatchery Hatchery Rainbow Trout and Kokanee Hatcheries
Community Development Program
Deadman River Hatchery Hatchery Chinook and Coho Hatcheries

Nechako River
Nadina River Spawning Channel
Spruce City Wildlife Fish Hatchery

North Thompson River
Clearwater Trout Hatchery

Dunn Lake Hatchery

Pitt River
Upper Pitt River Hatchery
ALLCO Hatchery
Hyde Creek Hatchery

Quesnel River

Spawning Channel
Hatchery

Hatchery

Hatchery

Hatchery
Hatchery
Hatchery

Sockeye
Chinook

Rainbow Trout and Kokanee Salmon

Coho and Chinook

Chinook and Sockeye
Coho, Steelhead, Cutthroat, Pink, and Chinook
Coho and Chum

DFO Operations
Public Involvement Programs (Volunteer)

Freshwater Fisheries Society of BC
Community Development Program
Hatcheries

DFO Operations
Public Involvement Programs (Volunteer)
Public Involvement Programs (Volunteer)

Horsefly Spawning Channel Spawning Channel Sockeye DFO Operations
Seton-Portage

Gates Creek Spawning Channel Spawning Channel Pink DFO Operations

Seton Creek Spawning Channels Spawning Channel Pink DFO Operations
South Thompson River

Shuswap River Hatchery Hatchery Chinook DFO Operations

Kingfisher Community Hatchery Hatchery Coho, Spring, Sockeye, and Kokanee Public Involvement Programs (Volunteer)

Adams River Fishway Sockeye DFQ Operations
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Area of Interest/Facility Name Facility Type Species Targeted Organization
Upper Fraser River
Community Development Program

Penny Hatchery Hatchery Chinook Hatcheries

Anderson Lake Fish Hatchery Hatchery Sockeye and Kokanee Public Involvement Programs (Volunteer)

Hells Gate Fishways Fishway Sockeye, Coho, Pink, Chinook, Steelhead Trout DFO Operations

Co

iii
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